Prochiral sulfoxidation as a probe for multiple forms of the microsomal flavin-containing monooxygenase: studies with rabbit FMO1, FMO2, FMO3, and FMO5 expressed in Escherichia coli.
Multiple forms of the microsomal flavin-containing monooxygenase (FMO) exist in rabbit tissues. In order to better understand the catalytic properties of these isoforms, we have expressed rabbit FMO1, FMO2, FMO3, and FMO5 in Escherichia coli and examined their kinetic parameters and prochiral selectivities for the sulfoxidation of methyl-, ethyl-, n-propyl-, and n-butyl-substituted p-tolyl sulfides. FMO1 and FMO2 exhibited high affinities for these substrates (Km < 10 microM), in contrast to the low-affinity FMO3 form for which Km values ranged between 100 and 280 microM. FMO5 did not form quantifiable levels of sulfoxide metabolites at the concentrations used. The individual stereochemical metabolite profiles generated by FMO1, FMO2, and FMO3 were unique and served to distinguish among these three cDNA-expressed isoforms. To investigate the relationship between the kinetic parameters for the cDNA-expressed enzymes and the native microsomal enzymes, we examined the kinetics and stereoselectivity of metabolism of methyl p-tolyl sulfide by detergent-solubilized rabbit liver microsomes. We analyzed these data with respect to FMO1 and FMO3, the two predominant hepatic isoforms. Sulfoxidation of methyl p-tolyl sulfide by FMO1 and FMO3 solubilized from E. coli microsomes proceeded with apparent Kms of 18 and 270 microM, respectively. FMO1 was essentially stereospecific for formation of (R)-methyl p-tolyl sulfoxide, whereas FMO3 generated this metabolite with little prochiral selectivity. Sulfoxidation of methyl p-tolyl sulfide by detergent-solubilized rabbit liver microsomes was best described by a two-enzyme model, with apparent Km values of 11 and 340 microM. The enantiomeric purity of the (R)-methyl p-tolyl sulfoxide metabolite, generated by detergent-solubilized rabbit liver microsomes, decreased progressively with increasing substrate concentration, from a high of 96% enantiomeric excess at a substrate concentration of 5 microM to a low of 63% enantiomeric excess at a substrate concentration of 2 mM. The kinetic and stereochemical properties of the high-affinity and low-affinity components of detergent-solubilized rabbit liver microsomes were similar to those exhibited by cDNA-expressed FMO1 and FMO3, respectively. Therefore, methyl p-tolyl sulfide, used at the appropriate substrate concentrations, is useful for discriminating between FMO1- and FMO3-mediated catalysis in rabbit liver microsomal preparations.